The n-p scattering at 90 MeV is discussed in detail from the standpoint of reference 1) . Around this energy phase shifts with ~2 are almost completely determined by the one-pion.·exchange poten· tial. Phase shifts with L= 1 should be qualitatively determined by the pion theory. Phase shifts with L=O must be determined phenomenologically. In this paper, using P-wave phase shifts obtained by Otsuki from the p-p scattering data, we determine scattering parameters in the (] = 1) ·states from the n-p scattering analysis. In section 2, n-p polarizations are analyzed and some sets of phase shifts with 1 which are consistent with the experiments are determined. Using thus determined phase shifts, angular distributions are calculated and compared with experimental data in. section 3. Thus we find that the static pion-theoretical potential can reproduce n·p experimental data at 90 MeV without any serious modifications.
§ 1. Introduction and summary
In 19 56, we discussed low energy properties of nuclear forces in detail from the stand-point of the pion theory and found that all of them are quantitatively explained in terms of the static pion-theoretical potential with the coupling constant ge 2 / 47r= 0.080 ± 0.010.1)** This success is a motivation of the present work, where it is discussed that the pion-theoretical potential established at low energies can reproduce n-p scattering at 90 MeV. At 90 1\lleV, we have two kinds of useful data, namely, single scattering cross section dCJ' 1 d!2 over all angles 2 > and polarization cross section P (f)) d(J' / dfJS>. We already calculated the former in 1953 4 ) and the latter in 1956">, assuming a static pion theoretical potential derived by the perturbation approximation up to the fourth order (the TMO potential). The agreement between the experiment and the theory was fairly satisfactory. However, the success of the low energy pion theory, seems to require more detailed investigations for high energy phenomena; especially we must find out which features of the potential bring about the agreement and what modifications of them make the agreement better.
Around 90 MeV, corrections to the static pion-theoretical potential, e.g. the relativistic effects, the recoil effects, etc., become appreciable. Unfortunately we have few knowledge about these corrections. But they are expected to be still small in the region I. Even in the region II they may not be so large as to mask main features of the static potentials in this region. Therefore it is desirable to investigate properties of these corrections phenomenologically by analyzing experimental data with the static pion~theoreti cal potentials established by low energy analyses.
On the other hand, at the energy of 90 MeV, the impact parameter of P-wave is b 1 ~ 1.0 and so the angular distributions are not seriously affected by the two-nucleon interactions at small distances
The analysis from the standpoint of the pion theory developed in reference 1) is still meaningful in the problem of nuclear forces.
The p-p scattering has been analyzed by Otsuki 6 >, and his results are referred to in our analysis.
We shall divide phase shifts into three classes as was done in t4e p-p analysis.
(I) Phase shifts with L>2. Impact parameters of the wave of L>2 are larger than 1. 7. They are almost complete! y determined by the one-pion-exchange potential in the region I. Their values are tabulated in Table I . These values are reliable within the uncertainty of several per cent due to the ambiguities of the coupling coustant and the inner region nuclear forces.
(II) Phase shifts with L-:-1. P-wave impact parameter is b 1 ~ 1.0, and their phase shifts are mainly determined by the potential in the regions II and I. Therefore their qualitative features can be regarded as pion-theoretical.
(III) Phase shifts with L= 0. S-wave is much influenced by the interactions in the region III. So we can say nothing about S-wave phase shifts from the present-day pion theory.
They must be determined phenomenologically as will be done below. Their magnitude and energy dependence may reflect some features of the interactions in region III.
We analyze the n-p polarization in section 2, and determine phase shifts with L= 1 and 0 which are consistent with the experiment.
Using thus determined phase shifts, n-p angular distribution is calculated and compared with the experi1-11ental data in section 3.
Our conclusions are as follows :
( i) According to the method of approach proposed in reference 1) , the static pion-theoretical potential established at low energies can reproduce n-p experimental data at 90 MeV without any serious modification. Considering Otsuki's result of the p-p analysis, we could say that the pion theory of nuclear forces explains all experimental data up to 100 MeV correctly.
(ii) In the triplet odd state, however, the tensor potential seems to be more or less stronger than that of the TMO potential. This result is consistent with a disposition of the FST potential. (iii) We find some evidences to show that in both the triplet and singlet even states, hard·core-like repulsive interactions are present at small distances. § 2. n-p polarization
The polarization cross section P( (}) dCJ" / dQ is analyzed firstly by the following reasons.
(i) Phase shifts of the singlet states do not contribute to this phenomena. The n·p polarization cross section is expressed in terms of Pz (cos (}) as follows: 
P((}) dCJ" jdQ=sin (}[
Signs of the main terms, a 0 and a 1 , coincide with the experimental ones. However, since their magnitudes are a little smaller, we would discuss this point more in detail below.
Main parts of a 0 and a 1 , which we denote as (a 0 ) 0 and (a 1 ) 0 , are as follows:** Main parts of a 0 (due to interferences between difFerent parity states) 3Po-CSSl +3Dl): 3pl-CSSl +3Dl):
where -(7 /12)sin 2 E 1 sin
is plotted in Fig. 2 . Main parts of a 1 (due to interfences between same parity states) (sS1+3D1) es1+3D1):
(sSl +sDl) _3D2:
As was discussed m detail in the p-p analysis 6 ) the triplet odd state phase shifts should rather be restricted in our analysis. Since the pion-theoretical potential has a strong positive tensor part and a weak central part, the phase shifts should be as follows : Table II. Table II Higher wave contributions are estimated using values of phase shifts listed m Table I and Table II, First, we determine regions of 3 ot and 3 0/ which satisfy conditions (ii) and (iv).
Then, by the condition ( i) , values of g ( E 1 ) , and therefore values of E 1 are determined* for each curve of ( 2/ fl ( E 1 ) ) ( a 1 ) 0 =canst. These procedures are graphically shown in Fig. 3 -a.
Next, for each set of ( 3 o/:t., 3 0/ ; E 1 ), ( a 0 ) 0 is calculated, and compared with the condition (iii). Thus the regions of ( 3 ot, 3 0/; E 1 ) which are compatible with the n-p polarization experiment are determined. The shaded portions of the graph in Fig. 3 which can reproduce the n-p polarization data. In the present section, we shall investigate whether these phase shifts can reproduce the n-p angular distribution.
The angular distribution dCJ / dSJ is expressed as
A remarkable feature of the experimental data is that dCJ / dSJ is V-shape and IS symmetric about 80° in the centre of mass system, and so
We have two allowed regions of the phase shifts determined in Fig. 3 Assuming T= 1 phase shifts in Table 11 -b and L>2 phase shifts tn Table I , the angular distribution is calculated and the results are given in Table III . Some curves are plotted in Fig. 4 . Since the 1 P 1 -wave phase shift is fairly dependent upon two-pion-exchange potential in the region II, its magnitude has some ambiguities within 0.25--0.15, and determined by the condition to reproduce the total experimental cross section.
For our phase shifts B 4 is rather large, and gives almost flat angular distribution between 60 ° and 120 °. This aspect also appears in the experimental dat.<:L. B 3 is always small and negative. These general trends of B 3 and B 4 are almost determined by the higher wave phase shifts and should be regarded as one of the characteristic consequences of the one-pion-exchange potential in the region I. To restrict the coefficient B 1 within a narrow region around zero, the value of E 1 must be limited to be about 0.1 0.2, though m this case, theoretical curves have smaller forward scattering cross sections than the experimental one (see Fig. 4c ). and T = 1 parameters of Table II. c) The curve is calculated using phase shifts given in page 9.
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From these results, we may estimate the final values of the phase shifts, which reproduce all nucleon-nucleon scattering data at 90 MeV and consistent with the pion-theoretical potential. They are as follows: This fact means that the inner potential is not so drastic as to cover the effects of the outer potential. The inner interactions may be tentatively. represented by " hard core square well potentials ".
Our small values of 3 0/" and 1 () 0° indicate the existence of hard-core-like repulsive potentials of radius x 0 =0.2 0.3 in the even state potentials. 7 ),1l) Such repulsive interac~ tions should be regarded as intermediate energy properties of the nucleon core. On the other hand, we have some information on the low energy properites of the inner interac~ tions by analyzing low energy data of the two-nucleon system, especially those of the deuteron. Detailed investigations on the energy dependence of the inner interactions are desirable since it might be connected with the structure of the nucleon core.
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